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Abstract
Cyber-Physical Systems (CPS) are characterized by an intensive interaction between its electro-mechanical devices and
the embedded computer system. In such systems, having knowledge of the battery lifetime is crucial, since power
failures can render the system inoperable. In order to help systems designers to handle such issue, this paper presents
an approach that aims to monitor the system energy consumption and to estimate its battery lifetime. The developed
approach is based on the characterization of the external peripherals of the CPS, which are correlated with the operational
modes of the embedded software. The novelty of this proposal is the capacity to express the energy consumption
by using a mathematical model, without needing additional instruments, electronics or transducers. To illustrate the
proposed solution we designed a prototype test bench. Obtained results indicate that the model gives an accurate
estimation for the battery lifetime compared to solutions based on the system instrumentation.
c© 2011 Published by Elsevier Ltd.
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1. Introduction
The growing demand for ubiquitous and pervasive computing made the energy eﬃciency to be an impor-
tant requirement in the ﬁrst stages of the design of embedded systems where the battery is the main power
source. Several techniques have been developed for static and dynamic power management, but they are not
directly applicable to the Cyber-Physical Systems (CPS). This is a new engineering system class generation
that includes new capacities end resources to the physical systems, where the principles of the engineering
is used together with the network and computational facilities. CPS aim for a self identity in their design
concepts using the examples in the computing area, communication networks and distributed systems in
order to guarantee requirements like energy consumption, security, and sustainability.
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1.1. Problem Statement
The capacity of the power source restricts the consumption of a system, especially when this capacity
is limited, like in batteries. For instance, such consumption issues are very critical in mobile CPS that rely
on batteries. The uncertainty of the durability of the energy source is a risk factor for the system proper
operation, as blackouts will shutdown the system and should introduce further risks. On the other hand,
knowing the appropriate time to recharge the battery depends on the experience of the system designer.
Moreover, performing rapid and frequent recharges contribute to the reduction of the battery life [11].
The possibility to adjust the system to work continuously over long periods without performance degra-
dation according to the availability of the battery charge provides security, less maintenance, robustness for
the overall system. Thus the content of this article describes a supporting structure to monitor the energy
consumption of CPS mobile systems in order to estimate the battery autonomy with a focus on the remaining
battery capacity determination.
This approach when applied in the ﬁrst stages of the design will guide the decision-making process, due
to a previous knowledge of the system proﬁle. It will support in reviewing the functional and nonfunctional
requirements to avoid energy bottlenecks or identifying situations which have not been foreseen. During
the operation of the system, the activities can be scheduled as a function of remaining battery capacity, so it
will contribute to prevent any nuisance shutdown prompted by the lack of power. The generic structure of
the developed model allows it to be extended to various applications in automation, such as solar powered
boats, mobile robotics, autonomous guided vehicles (AGV), micro aerial vehicles (MAV) and unnamed
aerial vehicles (UAV).
1.2. The Proposal
The developed approach models the CPS in two main structures: the system itself and the power source.
The system energy consumption is described by operation modes which represent the operation of the main
peripherals1 that are used in the system. This abstraction allows to estimate the average energy consumption
by assumptions about the peripheral speciﬁcations and its running time.
The power source in this situation is a battery that better suits for the application, with a speciﬁc capacity.
During the system operation, the battery remaining capacity will be treated as a container where the previous
values will be deducted or credited according to the current level consumption during the analyzed interval.
The proposed schema evaluates the drawn current on-line, via software so it dispenses electro-electronics
circuits or transducers to estimate the fuel current in the circuit. The underlying structure requires these steps
to evaluate the remaining battery run-time: i)characterizes the peripherals in order to deﬁne the operation
modes, ii) establishes the limits of the power consumption of each peripheral and its time operation, iii) test
bench the battery to survey its features, iv) develop the relationship between the battery capacity and the
system demand.
The remainder of this paper is organized as follows. Section 2 presents the related works. Section
3 analyzes and equates the energy consumption in CPS. The basics concepts of a battery is presented in
Section 3. The proposed model is described in Section 4. The developed test bench and the ﬁrst results are
discussed in Section 5. Finally, Section 6 presents the concluding remarks.
2. Related Works
The current research on power management [3] focus on computer systems, especially in studies involv-
ing the targeted CPU systems and their devices, such as memories, peripherals, traﬃc between processing
elements. If the concern about reduction in energy consumption occurs in the early stages of the system
architecture design, its said a low-power design. By the other hand, a power-aware system design devel-
ops strategies to optimize the trade-oﬀ between the energy consumption and the system performance. In
this case, the techniques are devoted to the end-systems like multimedia, communication networks and
distributed computing [6] [10].
1The drawn current values are in the order of magnitude of tens to hundreds of times higer than the processor current.
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Although there are few studies that propose a not complex executable scheme that discuss the relation-
ship of energy consumption and the remaining battery capacity in CPS. Zhang et al (2009) introduce a
dynamic battery model to describe the variations of the battery capacity. Their proposal is an equivalent to
Rakhmatov, Vrudhula and Wallach (RVW) model, that expresses the concentration of the electrolyte from
a discharge current i(t). As it is a complex model, the results are accurate, but they were obtained for low
currents (order of milliamperes). The modeling requires the knowledge of data and parameters that are val-
ues not always informed in the battery data-sheets. The application studied by Erol-Kantarci and Mouftah
(2011), analyzes the recharge for hybrid electric vehicles batteries in a smart parking grid, but the applica-
tion diﬀers from what is being discussed in this article. An interesting study presented by Aylor et al. (1992)
discusses a battery state-of-charge indicator for electric wheelchairs. For this purpose, it was developed an
electronic monitor circuit that predicts the open-circuit voltage (OCV) battery and is capable to consider the
aging eﬀects. In this case the implementation needs an electronic circuit to run.
3. Energy in Cyber–Physical Systems
The concept of energy is deﬁned as the work performed by a system over a time interval (E =
∫ t
t0
P(t) dt),
in other words, energy (joules-J) is the total amount of work (watt-W) a system performs over a period.
The architecture proposed by [9] is presented in ﬁgure 1 and is being used to bound the energy in CPS. In
Cyber Subsystems the work is related with the computational programs, while for the Physical Environment
it represents the power to move or active the peripherals. This can be represented by two main variables:
operation time and power. To assess power, both peripherals and programs consumption must be considered.
Fig. 1. Architecture of a Cyber-Physical System by [9].
According to [16] there are two forms of Power Consumption in processors: static and dynamic. The
static power depends on the leakage current and is a function of the integrated circuit technology, but the
dominant portion is the dynamic power: Pdyn = CV2 f N. It depends on the switched capacitance (C),
supply voltage (V), clock frequency ( f ) and activity factor (N) which expresses the transitions 1 ↔ 0 in a
chip. A deeper look at the previous equation, the factor that cannot be known in advance is the switching
of the transistors because apart being a function of the processor architecture and its instruction set, the
computational program and the complexity of operations result from the user application and its details
even the designer has a completely domain about them.
The present approach concerns about a ﬁnite source of energy, like batteries, which are an energy con-
strained application. Therefore the objective is the determination of the energy budget and not the maximum
available battery power. It means that the processor consumption parcel in the present analysis will be esti-
mated as an average of the power consumption distribution over the entire run of the application.
The Peripheral Power relates with the electrical devices responsible for monitoring, coordinating, con-
trolling, and integrating the actions between the physical environment and the cyber subsystems. These
devices, like sensors and actuators, are powered by the battery and its currents are in the order of magnitude
of tens to hundreds of times higher than the processor current. Voltage (V) and current (I) information is
obtained from the device manufacturer. There is a close relation between the attributed electrical values and
the performance of the proposed solution.
The determination of the operation mode active time uses the planning system schedule. The plan
will deﬁne a set of actions and according to the local characteristics the designer estimates the length of
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time for the real physical environment. This plan includes to carry out tasks of surveillance, frontiers
patrol, agriculture harvesting, warehouse, industrial activities, transportation. Approaches that discuss these
applications are presented in [5, 8, 7].
To conclude, the great challenge here is to establish the relationship between the processor, peripherals,
and active time. Thereby it must be possible to express the complexity bounds of the interaction of the
variables and the abstractions of the system operation. In this sense, our proposal is dedicated to support
the system modeling through operation modes, which encapsulate the operation of the peripheral or a set of
peripherals and its controlling software(s). This form of analyzing the system allows obtaining the average
power consumption over a speciﬁc time interval. Thereby it is possible to derive the remaining battery
lifetime.
4. Battery-Related Concepts
Energy consumption is an important issue in mobile, portable applications where the battery is the main
power source thus the battery capacity limits its operation. This capacity characterizes the amount of time
a battery can produce a given current and it is commonly expressed in ampere-hours (Ah) or milliampere-
hours (mAh). The battery capacity depends on the cell construction, shelf life, charge and discharge cycles,
temperature and aging. During the cell’s useful life, and under normal operation conditions, the capacity of
the cell is approximately constant [15].
4.1. Principle of Operation
The simpliﬁed structure of a battery consists of two electrodes and electrolyte where occurs the ions
transference and establishes a current ﬂow between the electrodes. The continuous oxidation reaction,
degenerates the solution to the point of no more ions are transferred between the electrodes. At this moment,
the battery loses its ability to recharge, characterizing the end of its useful life. These phenomenon is
analyzed for a single cell, which is the basic electrochemical unit. A battery is formed for one cell or for two
or more cells connected in series or parallel. The cell voltage is ﬁxed by the electrochemical characteristics
of the elements used in the construction of cells, such as lithium, nickel and others.
4.2. State of Charge
In this document the acronym to express state of charge will be STOC to prevent misunderstandings
with “system-on-chip”. According to [15], STOC is the percentage of the maximum possible charge that is
present inside a rechargeable battery, indicated in equation 1. During the time operation of a battery, part
of its charge is lost due to irreversible reactions. To represent these loses, it’s introduced a factor μ that
indicates utilization factor or battery eﬃciency [12].
STOC(t)% =
Q0 ±
∫ t
t0
I(t) dt
Q0
· μ · 100 (1)
Where: μ is the eﬃciency or utilization battery factor ( 0 ≤ μ ≤ 1), Q0 is the initial battery charge at time t0,
I(t) is the charge(+)/discharge(-) current at time t. STOC diﬀers from the usable capacity in the sense that it
indicates the state a cell is in, rather than deﬁning the amount of amperes-hours available from a cell [1].
The main problem for designing an accurate STOC indication system is the unpredictability of both
battery and user behavior. Over the last years little innovations have occurred to improve existing methods.
In fact, most innovations are related with additional processing like neural networks, fuzzy logic, kalman
ﬁlters, and enhancement gauges. The main methods used therefore are direct measurements, book-keeping,
and adaptive systems (see [2, 13, 14] for details).
•Measurement of physical properties of the electrolyte: Suitable for evaluating STOC of lead acid bat-
teries. The evaluation consists of measuring the level of acid contained in a sample of the electrolyte.
•Direct measurement of the voltage under load and / or time of relaxation of tension: In this case the
measurements are applied in formulas that consider the nature of the battery, temperature, internal resistance
and other parameters to calculate the STOC.
219 Elisabete Nakoneczny Moraes and Leandro Buss Becker /  Procedia Computer Science  10 ( 2012 )  215 – 224 
•Counting Coulombs: Employs the measurement of a current ﬂowing in and out of the battery and
performs its integration according to: Qactual = Q0 −
∫ t
t0
I(t) dt.
•Open circuit voltage (Voc): The voltage is measured across the battery terminal after it rested for a
certain time after charge/discharge. This parameter presents an almost linear dependence with the value of
the state of charge, as depicted in ﬁgure 2.
Fig. 2. State of charge as a function of open circuit voltage. Adapted from [2].
•Curves Measures Heuristics: These methods are developed from the analysis of experimental results.
Typically combining the techniques presented above which are adapted to the application in question, in
order to highlight the advantages each one provides.
•Battery Management IC’s: These battery monitor chips implement proprietary high-performance al-
gorithms, oﬀering an integrated and well documented solution for portable devices. Examples are DS2438
from Maxim and bq2018 from Texas Instruments.
The methods described have drawbacks, most are either intrusive methods or have limitation for evalu-
ating high currents. Therefore, they are not completely suitable for assessing the remaining battery capacity.
5. Model to Determine the Remaining Battery Capacity
In this section we discuss aspects related with characterizing the system architecture, computational
program consumption, and system activity time. Our goal is to improve the run-time performance of a
battery-powered CPS, so that intermediate stops are not required while the work plan is being executed.
The basic principle here is to calculate the diﬀerence between the battery capacity and the current operation
mode, checking if the remaining capacity is enough to supply energy for the next planned activity. The
internal structure of the approach calculates the actual battery capacity and, according to the work plan,
maintains the scheduled operating task with the originally operating mode or it will switch to energy com-
patible operating mode. Figure 3(a) illustrates the possible operating modes transitions and their estimated
energy consumption.
5.1. Electrical Peripherals Behavior
First the operation modes must be deﬁned, so the designer must abstract the operations of the CPS in
order to deﬁne which peripherals are relevant for the overall system consumption. Afterward the upper and
lower bounds of each peripherals current should be deﬁned, so these values lead to an average current. Next,
the activity time must be estimated and ﬁnally, the energy consumption can be estimated to assign to the
operation mode its load line.
5.2. Battery Behavior
This stage analyzes the real battery performance at a constant drawn current. These discharge curves
are presented in the battery speciﬁcations data sheet. At this level, we encourage the designer to proceed a
battery test bench to get the discharge current curve for the highest peripheral to obtain the result as close
as to the design speciﬁcations.The purpose of this test bench is to evaluate the battery capacity in a real
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(a) Graphical representation of switching between
operation modes.
(b) Graphical representation of the peripherals load lines.
Fig. 3. Graphical representation of the basic principles of the proposal.
operation environment, in order that the result of this step inﬂuences the accuracy of the remaining battery
capacity. Such capacity is obtained by means of the equation 2:
Q0 = IMax · Telapsed (2)
Where: Q0 is the real battery capacity under the environment operation conditions, IMax is highest peripheral
current used to perform the test bench and Telapsed means the time interval that the battery could supply the
system energy.
5.3. Battery Capacity Model
The Single Duty Cycle Operation is characterized by a time interval were the operation modes run at the
same repeated duty cycle. The overall run time is estimated trough above equation 3:
tRtask = Q0/Iavtask (3)
Where: tRtask is the estimated total run time, Q0 is the real battery capacity, which is determined trough
equation 2 and Iavtask deﬁnes the average current for the analyzed duty cycle.
In the Composed Duty Cycles Operation, the system runs under diﬀerent time intervals and each one
has a single typical duty cycle. The model approach abstracts the battery as it has n containers with its
capacities equivalent as the n averages currents that the battery needs to supply to the n operation modes.
It exists a transaction between these containers where the smallest currents will credit their capacity to the
highest current container, which is the one that withdraw the system current. This constant trade relationship
between the containers abstracts the charge and discharge interaction that occurs when diﬀerent current
levels are required during the battery operation.
The value determined by equation 2 deﬁnes the initial battery capacity that will power the ﬁrst time
interval. The next scheduled task will be active for an interval that depends on the remaining capacity which
is determined according to the development presented in 4:
QR1 = Q0 − (IOpMMaxΔt1) + (IOpM2Δt1)λ + · · · + (IOpMnΔt1)λ
QR2 = QR1 − (IOpMMaxΔt2) + (IOpM2Δt2)λ + · · · + (IOpMnΔt2)λ
...
QRn = QRn−1 − (IOpMMaxΔtn) + (IOpM2Δtn)λ + · · · + (IOpMnΔtn)λ (4)
Where:
λ =
{
1 if IOpMi is active during Δtn
0 if IOpMi is not active during Δtn
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and QRn indicates de remaining charge after Δtn, Q0 is the initial battery capacity, IOpMMax indicates the
active operation mode with the highest current, in the analyzed time interval, IOpMi is the drawn current by
operation mode i and Δtn is the interval where IOpMMax and IOpMi were consumed, n indicates the number
of intervals during the task execution time and k indicates the number of the operation mode that is used to
perform the analyzed task. The remaining run-time for the next task is calculated using equation 5:
tRtaskn+1 =
QRn
Iavtaskn+1
(5)
Where: tRtaskn+1 is the estimated remaining run-time for the next task, QRn is the actual battery charge and
Iavtaskn+1 is the average current consumed by the next scheduled task.
6. Experimental Results
Based on the previous analysis, a prototype test bench was performed considering as an application
scenario a mobile robot designed to operate in indoor hospital environments for collecting used surgical
materials. The robot is able to autonomously plan a route using a map of the environment and navigate safely
among people. Appropriate commercials power resistors were used to simulate the peripherals consumption.
The main purpose of the test bench is to check how close equation 4 is from a real application scenario.
Along the experiments the resistors are switched between periods that simulate duty cycles that represent
the robot operation plan. To analyze the accuracy of the results we used the DS2438 evaluation kit, which
is a dedicated electronic circuit to check the battery capacity condition. The performed analysis consists in
comparing the test bench elapsed time with the value obtained by using equations 3 trough 5 according to
the type of operating duty-cycle.
The power source used in the prototype is a 12V, 7Ah lead-acid battery, model UP1270E. The function-
ality of the resistors as well as their average current consumption are listed in table 1. The measurements
were collected using multimeters Minipa ET-2076A . Along the test benches, the environment temperature
was kept between 21◦C and 25◦C.
Peripheral Iav Rcom Load Line
(A) (Ω) (time in s)
Infra-Red sensor 0.06 180 1.67e-5 *t
Sonar sensor 0.12 100 3.33e-5 *t
CPU 0.225 50 1.88e-5 *t
Communication 0.3 45 8.33e-5 *t
Visio Camera 0.35 36 9.72e-5 *t
2 DC Motors 2.5 4.2 6.94e-4 *t
Table 1. Summary of the values that describes the proposed
scenario.
Peri I Dura Duty Qcalc Qdskit
pheral (A) tion (h) Cycle (Ah) (mAh)
DCMotors 2.5 1.35 50% 1.69 n/a
CPU 0.225 1.35 100% 0.3 n/a
Com 0.3 1.35 100% 0.41 n/a
VisioCam 0.35 1.35 100% 0.47 n/a
Sonar 0.12 1.35 100% 0.16 n/a
IR 0.06 1.35 100% 0.08 n/a
Total n/a 1.35 n/a 3.11 3125
Table 2. Summary of the values achieved in test bench 1.
6.1. Battery Discharge Curve for the Highest Current
The next activity performed in the test bench was the determination of the real battery capacity under the
same conditions as the battery operates. The test submits the battery to a constant discharge current deﬁned
by the highest active peripheral current in the system. To execute this test the battery must be fully charged
and rested for at last three hours. After, the appropriated variable resistor is connected to the battery and the
time count starts. During the test, the resistor must be adjusted in order to keep the same current. The test
is hold oﬀ when the battery achieves its cut-oﬀ voltage, that is, the lowest operating voltage at which a cell
is considered depleted. At this moment the elapsed time was determined. The values for the tested battery
are: V f ully charged ≥ 13V, Vcut−o f f = 10.7V.
For the present application, the highest current comes from the dc motors–2.5A. The elapsed time in this
situation was 75min  1.26h, which implies in 3.15Ah. This value represents the real battery capacity for
the operating condition and is equivalent to Q0. The value obtained from the DSKIT was 3125mAh. Taking
the DSKIT as reference, the error is 0.8%.
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6.2. Remaining Battery Capacity Determination
To conclude the validation of the proposed approach, three scenarios were experimented. For each
scenario a diﬀerent duty cycle was applied in order to evaluate the battery total run time. Test bench 1
and 2 apply the concepts concerned about a single duty cycle operation. The results compare the elapsed
time and the value from equation 3, for an end-time condition. This condition limits the amount of current
degradation that the system can support. However, the main contribution in the conducted analysis comes
from test bench 3, that resumes a composed duty cycle situation. In this case, equations 4 and 5 determines
the remaining run time. To analyze the results, the same end-time condition mentioned before is applied to
the second time interval.
6.2.1. Test bench 1
Here, duty cycle is 100% for CPU, Communication, VisioCam, Sonar, and IR. For DC Motors, duty
cycle is 50%. Inside Figure 4(a), it’s showed the duty cycle representation, and the acquired voltage (upper
signal) and current (lower signal). The operation modes for this test bench are: OpM2 = CPU + Com + VisioCam +
S onar + IR and OpM1 = DCMotors.
(a) Battery voltage and drawn current for test bench 1. (b) Battery voltage and drawn current for test bench 2.
Fig. 4. Aspect of the voltage and current waveform from the test bench 1 and 2.
As expected, there is a current degradation during the operation. This eﬀect can be noticed in ﬁgures
4(a), 4(b) and 5(a). So, the battery capacity end-point is limited by this condition which numerically rep-
resents the capacity that still can provide the required system power. Therefore, the criteria used to deﬁne
the test bench end-point was the instant when the highest system current was reduced by 10%. By applying
such criteria, the end-point for this test bench was reached after 81 min  1.35 h. Table 2 presents this test
bench results.
Peri I Dura Duty Qcalc Qdskit
pheral (A) tion (h) Cycle (Ah) (mAh)
DCMotors 2.5 1.47 67% 2.46 n/a
CPU 0.225 1.47 100% 0.33 n/a
Com 0.3 1.47 100% 0.44 n/a
Sonar 0.12 1.47 50% 0.09 n/a
IR 0.06 1.47 100% 0.09 n/a
Total n/a 1.47 n/a 3.41 3438
Table 3. Summary of the values achieved in test bench 2.
Peri I Dura Duty Qcalc Qdskit
pheral (A) tion (h) Cycle (Ah) (mAh)
DCMotors 2.5 1.55 67% 2.60 n/a
CPU 0.225 1.55 100% 0.35 n/a
Com 0.3 1.55 100% 0.47 n/a
VisioCam 0.35 0.6 100% 0.21 n/a
Sonar’ 0.12 0.6 100% 0.07 n/a
Sonar” 0.12 0.95 50% 0.06 n/a
IR 0.06 1.55 100% 0.09 n/a
Total n/a 1.55 n/a 3.84 4063
Table 4. Summary of the values achieved in test bench 3.
6.2.2. Test bench 2
The duty cycle is 100% for CPU, Communication, and IR, and 50% for Sonar and 67% for DC Motors.
In this condition, the dc motors active time was increased and the vision camera does not operate. The actual
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test bench reached the end-end point after 88 min  1.47 h. The waveforms are shown in ﬁgure 4(b) and
the results are in table 3.
6.2.3. Test bench 3
This situation depicts a composed duty cycle operation, as it has two distinct time intervals operation
and is presented in ﬁgure 5(a). During the ﬁrst 36 minutes, the CPU, Communication, VisioCam, Sonar,
and IR operate during all the time interval, while the DC Motors operated for 67%. After the 36th minute
the CPU, Communication, IR maintain their operation rate while the Sonar runs for 50% of the cycle and
DC Motors keeps its operation for 67%. At the 37th min, according equation 4, the remaining calculated
charge is 2.4Ah. The next operation condition will drain an average current equals to 2.31A, so according
to the equation 5 the remaining runtime at the 37th minute is:
tRtaskn+1 =
QRn
Iavtaskn+1
=
2.4
2.31
tRtaskn+1 = 1.04h  62 minutes (5)
Applying the same condition to deﬁne the test bench end-point, the result achieved in the experiment was
57 min. The diﬀerence between the value trough equation 6 and the value from test bench is equivalent to
8.8%. The total test bench elapsed time was 93 min  1.55 h. Table 4 summarizes the results.
(a) Battery voltage and drawn current for test bench1. (b) Final aspect of the remaining battery capacity for the test bench
scenarios.
Fig. 5. Aspect of the voltage and current waveform from the test bench 3 and the battery discharge for the test benches.
So, this information can be used for instance to guide the task scheduling, as the next task must have its
activation before the remaining run-time calculated in equation 6.
6.3. Final Considerations
The results presented in table 5 show that the battery has an unpredictably behavior. Theoretically, its
capacity should be kept operational along the test benches for 3.15Ah. However, this does not occur, as
can be noticed by observation through the third and fourth columns. There is an increase in its capacity
as the system has an increase in its pulsation due to the recovery eﬀect. Figure 5(b) illustrates the ﬁnal
battery capacity for the performed test benches. This paper introduces a solution to calculate the energy
Test I av Qcalc Qdskit tcalc t test ttest-tcalc
bench (A) (Ah) (mAh) (h) (h) (min) — (%)
1 2.31 3.11 3125 1.37 1.35 1.2 1.5
2 2.31 3.4 3438 1.36 1.47 6.4 -7.9
3 2.51 3.84 4063 0.6+1.04 1.55 5.1 5.5
Table 5. Summary of the calculus and time of the test benches.
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consumption in CPS powered by batteries, where the peripherals current are of greater magnitude than the
processor one. The goal is to estimate the remaining battery lifetime in order to prevent the system from
getting a blackout. The proposed approach applies the concept of operation mode to estimate the active
power consumption of the devices that are commonly used in CPS, such as, sensors, actuators, cameras,
and communication networks. The initial approach structure consists in deﬁning the operation modes which
translates into the system energy proﬁle. After, the highest system current is used to determine the battery
capacity for the last step. Finally the remaining charge is estimated by applying the principles of the recovery
eﬀect. The novelty about the proposal is that the estimated energy consumption and the battery remaining
lifetime are performed exclusively through software.
While rechargeable batteries unpredictable behavior have been object of study for a long time, most
existing approaches for lifetime estimation are complex and relies on parameters that are not always easy
to determine. An interesting advantage of the proposed solution is the facility to setup and evaluate the
proposed models, as it depends on the designer to build up a proper test bench. Future improvements aim to
introduce in the proposed approach the eﬀects of temperature and battery aging.
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